Psychiatric morbidity among 74 non-affected first-degree relatives and 93 non-affected second degree relativesof patients with Huntington'sdisease(HD) was comparedwith that of 37 patientswith HD andwith matchedcontrolgroups.Dueto specificagecriteria,the first-degree relatives were at decreased risk and the second-degree relatives at negligible risk of being carriersof the gene for HD. Informationon admissionsto departmentsof psychiatryand diagnoses atdischarge wereobtained forall subjects froma nationwide central register.
insidiously and gradually leading to severe disable ment. The mode of inheritance is autosomal dominant with complete penetrance and late age at onset (mean about 45 years), and with death occurring within 10â€"17 years after onset (Harper, 1991) .
It follows that most cases will show up at middle age, when the patients have married and have had children. This means that most offspring of patients will live a major part of their lives with the knowledge of being at 50% risk of themselves developing the disease. Furthermore, as the families of HD patients are described as often disrupted and with social impairment (Oliver, 1970; Hayden eta!, 1980; Tyler eta!, 1983) , it seems inevitable that offspring of HD patients grow up under stressful psychological and social conditions. The localisation to chromosome 4 of the gene responsible for HD (Gusella et a!, 1983; Hayden et a!, 1988) has increased the attention paid to the disease and to the situation of individuals at risk, since presymptomatic diagnosis is now possible. This has given rise to an ethical debate as well, since the psychological and social consequences of predictive testing need further evaluation (Craufurd & Harris, 1986) . In the light of these new research strategies, more knowledge of psychiatric morbidity in family members of HD patients would be very useful.
In patients with HD, psychiatric disorders have been reported to occur frequently alongside the cardinal HD symptoms: involuntary choreatic movements and progressing dementia. Delusions have been found in 30% (Bolt, 1970) to 50% (Dewhurst eta!, 1969) of patients, while the reported frequencies of schizophreniform disorders vary from only sporadic cases in one sample (Minski & Guttmann, 1938) to 10% (Heathfield, 1967; Mattson, 1974) . A major problem when reviewing this literature is that the diagnostic criteria vary and are often unclear. Folstein et a/(l983), in a systematic survey in Maryland, USA, used the criteria given in DSMâ€"III (American Psychiatric Association, 1980) and found schizophrenia uncommon (3%), while the lifetime risk of affective disorder was as high as 41Â°lo. This was confirmed by Caine & Shoulson (1983) , who studied 30 patients with HD, also using DSM III criteria, and found depressive illness in 33%. It thus seems well established that psychiatric disorders are common in HD patients, but the classification and prevalence of the disorders is still debatable. The aetiology is uncertain as well, since genetic factors (the gene code for HD) may contribute, but psychological and social compli cations could also be important.
In this study we have focused upon non-affected offspring of HD patients who, due to specific age criteria, were at lowered risk of being carriers of the HD gene. These people have grown up with basically the same psychosocial stress factors as HD patients, but most of them do not have the HD gene. We wanted to assess the psychiatric morbidity in this population, in which environmental stress factors may be considered chronic and in many ways extreme. This knowledge might indirectly throw light upon the aetiology of the psychiatric disorders in patients with HD: if specific psychiatric syndromes were found as frequently in non-affected family members as in patients, this would emphasise the aetiological importance of the psychosocial factors; but if a psychiatric disorder were found only in gene carriers, this disorder would be aetiologically related to HD, possibly through a genetic mechanism, as proposed by Folstein & Folstein (1983) .
We are not aware of any studies in which this problem has been examined systematically. The aims of our study therefore were:
(a) to estimate the occurrence and types of severe psychiatric illness leading to hospital admission, in a group of non-affected offspring of HD patients with a lowered risk of carrying the HD gene (b) to compare these data with corresponding information about (i) patients with HD (ii) non-affected second-degree relatives of HD patients (iii) matched control groups (c) to evaluate the influence of the psychosocial environment upon severe psychiatric illness in individuals at risk and in HD patients.
Method
The subjectswereselectedfrom the nationwideregisterfor HD at the Institute of Medical Genetics, University of Copenhagen (Fenger & SÃ¸rensen,1986) , comprising fully updated kindreds with HD. The criteria for selection were the following:
(a) a prior Mendelian probability of 50Â°lo, 25Â°lo or 100Â°lo for being carrier of the gene coding for HD (i.e., offspring of HD patients not themselves affected, non-HD second-degreerelatives,and identifiedHD patients, respectively) (b) born during the 5 years 1934â€"38 (both included) (c) still alive on 1 January 1979.
All registered individuals fulfilling thesecriteriawereincluded.
The rationale for the last two criteria was as follows.
From the secondcriterion,it followsthat allsubjectsalive at the time of the study (May 1991) were at least 52 years of age (50yearswasintended,but it took 2 yearsto obtain permission to conduct the study). When the subjects at 50Â°lo prior Mendeian probability(50%P) had reachedthis age of 52â€"57 years without developing HD, then the real risk of being carrier of the HD gene was considerably reduced. Estimates of the remaining risk at different ages have been made by different authors, using life-table analyses as the most reliable and unbiased method of calculation (Newcombe, 1981; Adams et a!, 1988; Harper & Newcombe, 1992) . Thus the risk of carrying the gene for asymptomatic individuals at 50% P at 52 years has been estimated to be about 25%, and at 57 years to be about 20%. The second criterion for selection therefore suggested that only about 20â€"25Â°lo of subjects at 50% P(first-degree relatives) were gene carriers, but they had shared social and psychological environment with the HD patients, since they had grown up in HD families.
The environment of the second-degreerelatives, the subjects with 25Â°/aprior Mendeian probability (25Â°/aF'), could be considered less influenced by the consequences of HD, and they could almost all be considered â€˜¿ gene-free', since their parents (being around 70 years of age) had not been reportedas having HD. According to Harper & Newcombe (1992) , the risk is by then reduced to about 1Â°/a.
The third criterion for selection from the register ensured that a deceased subject had lived long enough for information to be available covering at least 10years about admissionsto hospital with psychiatricdisease(sincethis information dates from 1969and onwards, see below).
Control subjectswereselectedfrom the Danish Central
Register of Citizens, in which all Danes are given their unique identity number. The controls were matched one to-one according to age (within one year), sex and year of death (within2 years). Wecheckedthat no control subject was registeredin the HD register. Allsubjectswerescreenedthroughthe DanishPsychiatric CentralRegister(PCR) (Dupont,1983) , wherealladmissions to psychiatric departments have been recorded nationwide since 1969.This enabled the historiesof the three groups of subjectsand their respectivecontrolsto be followedwith respect to admissions to psychiatry departments from 1969, when they were 30â€"35 years of age, until 1991, when they were 52â€"57years old (or had died after 1979). These years constitute theperiodof greatest riskforthedevelopment of HD, and any psychiatric disorders related to this disease would be expectedto show up then.
For individuals registered in the PCR, we ascertained the place of admission, and the dates of admission and discharge, together with primary and secondary diagnoses.
The diagnoses were given according to ICDâ€"8 (World Health Organization, 1965) ,the classification in use in Denmark.No diagnosesof somaticdiseasewereobtained. For the individualsat 50% P registered in the PCR, we searched for additional information, from the relevant psychiatry departments and from the subjects' general practitioners, concerningthe symptomsof the psychiatric disorders that had led to admission. This was done to ensure, as far as possible, that these subjects were truly withoutthe HD gene. Death certificateswereobtained for all the deceasedsubjects.
With this information, we consideredwhether the risk status of any of our subjects shouldbe altered. We found that one subject at 50Â°/o P, a woman aged 53, had during the last year before the study been admitted three times becauseof HD; clearlyshethereforebelongedto the group of HD sufferers and had probably not been registered correctly due to delay in reporting.
The groups of subjectswerethen composedas follows:
(a) 37 patients with HD â€"¿ 19 males and 18 females (b)74 persons at 50Â°/aprior Mendeian probability, of whom 20-25Â°/a mightbe genecarriers -33 malesand 
Statistical analysis
The Wilcoxon signedrank testwas used to compare the number of admissions in a group of subjects and in the matched control group. Estimates of the odds ratios were calculated by the matched-pair method and approximate 95Â°/oconfidence intervals by the test-based method (Schlesselman, 1982) . For non-paired data the @2 test was used. The significance level was 5Â°/o.
Ethics
Since we could not know whether the individuals in the HD register were aware of their risk status, we did not contact any subject personally. Neither were DNA markers analysed for determination of the carrier status. The identity numbers of the control subjects were destroyed after use, and a serial number was given to each control subject, so that, once the information from the PCR and the death certificates were obtained, the investigators would not be able to identify the control subjects personally.
With these procedures, the study was carried out in accordance with the Declaration of Helsinki (II).
Results
For convenience, theresults concerningthe HD patients are described first. From the groups of 37 HD patients and controls, 24 HD patients (65Â°/o;13 males and 11 females) and four controls (11Â°/a; all males) had one or more admissions to psychiatry departments after 1969. The 24 HD patients had a total of 131admissions (median 4, range Table 1showsthe distributionof diagnoseson discharge, primary as well as secondary, for the pairs of HD patients and their controls. The same diagnosis was often given to the same subject several times, but occurs only once in the table. Some subjects, however, had diagnoses from different diagnostic groups, and the numbers, therefore, are not additive. Since no sex differences were found, the figures are not grouped according to sex. The dementia-associated diagnoses were found only among HD patients (in 23 of the 24 with psychiatric admissions). Psychoses and minor psychiatric disorders were more frequent in HD subjects than in controls, but the differences failed to reach statistical significance.
Alcoholism and other substance-abuse disorders were equally frequent in the two groups. Nineteen of the pairs (11 males, 8 females) were made up of deceased persons, the median age at death being 49 years (range 43â€"56).According to the death certificates, natural death predominated in both groups (14 pairs), the main cause of death in HD subjects being pneumonia, and in controls, primarily cardiovascular disease and cancer. Four subjects from the HD group had committed suicide. The death certificates of all four stated that depression, associated with HD, was present at the time of death. Three of the four suicides were patients with HD not registered 
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in the PCR; they had not been admitted to a psychiatry department after 1969, though they died in 1980, 1984and 1986 , respectively, and are clearly examples of severe depression in HD patients, which did not lead to admission to a psychiatric hospital. The fourth patient who committed suicide was found in the PCR, but had not been diagnosed as depressed. Two controls had died from suicide, both being alcohol abusers according to the death certificates. One of them was registered in the PCR with this diagnosis.
Individuals at 50Â°/sprior Mendelian probabifity (50% P) and controls Only three of the 74 offspring of HD patients (persons at 50Â°/a F) were registered in the PCR, and all had been admitted only once. Three of the 74 controls had also been hospitalised (5, 17and 30 times, respectively). Table 2 shows that no subjects at 50Â°/a P had diagnoses of psychosis or abuse, whereas the controls had a much wider range of diagnoses on discharge. Compared to control subjects, the individuals at 50Â°/a P therefore had fewer admissions to psychiatry departments, and their disorders seemed to be less severe.
In four pairs the subjects were deceased; the median age at death was 52.5 years (range 49â€"54). All four controls and three subjects at 50% P died from natural causes, while in the last case, a 53-year-old man at 50Â°/a risk who died in a traffic accident, it was uncertain whether the accident was truly accidental, or a masked suicide. Symptoms of HD were not described. Neither this individual nor anyof the other deceased subjects were found in the PCR. Overall, the causes of death in individuals at 50Â°/a risk and controls were not markedly different.
Individuals at 25Â°/aP and controls
Five of the 93 second-degree relatives of HD patients (persons at 25Â°/a F) were found in the PCR, and the total number of admissions was 10 (median 2, range 1â€"3). Of the 93 matched controls, 14 were registered, with a total of 75 admissions (median 2.5, range 1â€"31). The number of admissions was slightly higher in the control group, just reaching significance (P<zO.04). As seen in Table 3 , all diagnostic groups were represented, and all were more frequent in the control group. The subjects at 25Â°/a P, when Diagnosticgroups given accordingto ICD-8 (Table 1) . Odds ratios not calculated becauseof the small numbers. compared tocontrols, thusseemed to have fewerand less severepsychiatric disorders, leadingto feweradmissions to psychiatry wards.
Four pairs consisted of deceased individuals, the median age at death being 48.5 years, range 41â€"51. Two subjects at 25Â°/aP died from natural causes, and two died accidentally from the combination of alcohol and analgesics in overdoses;onlyone of thesewasfound in the PCR, with the diagnoses of alcoholism and reactive depression. All four deceased control subjects were registered in the PCR: three died from natural causes, and one woman, diagnosed as an alcohol abuser with a character neurosis, committed suicide. As was the case with the subjects at 50Â°/a P, the causes of death could not be said to differ much from those in thecontrol group.
HD patients versus family members without HD
Finally, we compared the subjects with HD (the definite gene carriers) withthe first-and second-degree relatives. Table 4 shows the frequencies for the major diagnostic categories in the three groups of subjects. Far more HD patients were registered in the PCR (65Â°/a v. 4Â°/a and 5Â°/a respectively in the two risk groups; P<0.OOl). Among the HD patients all but one were discharged with diagnoses of dementia, while 10 (27Â°/o) had been given other diagnoses.
Diagnoses of psychoses were significantly more frequent with other studies which used DSM-III criteria. In ICDâ€"8,operationalised criteria for the different diag nostic entities are not given, probably making the diagnoses of, for example, specific types of paranoid dis orders or personality disorders less valid. For this reason, and because the numbers of diagnoses in each category were small, the data were analysed for the major diagnostic entities of psychotic disorders, sub stance use disorders and minor non-psychotic disorders. The major advantage of the design of the study was the unique possibility of direct comparison of first-and second-degree relatives with patients and with matched control groups of randomly selected individuals of no relation to HD families. The age criteria, combined with the use of the psychiatric register, made it possible to follow these subjects through the span of years in which HD is most likely to show up, thereby sorting out patients from non patients. The same information concerning more severe psychiatric disorders in this period of life could then be obtained for all groups of subjects. We have no reason to believe that the subjects were not representative of HD patients and at-risk individuals in general, since the HD register is nationwide and since the kindreds of the register have been mapped systematically, including all family members of reported patients.
The major finding of the study was that the rate of admission to psychiatric services was no higher among first-and second-degree relatives of HD patients. In fact, when compared to the respective controls, the numbers of admissions and the numbers of diagnoses given were lower among subjects both at 50% P and at 25% P. We see no reason to believe that subjects at risk should be â€˜¿ protected' against psychiatric illness; the results clearly indicated, however, that being born in an HD family, as a child of a patient or as a second-degree relative, did not mean an increased risk of developing psychiatric disorders severe enough to be admitted to a psychiatric in the HD group than in the two risk groups (11Â°/a v. 0Â°/a and 3Â°/a respectively; P<0.02).
It is worth noting that no diagnosis of schizophrenia was made in either group (of the 204 controls, two were diagnosed schizophrenic). Affective disorders (found in ICDâ€"8 in the categories of affective psychoses and reactive depressive psychoses) were diagnosed in one HD patient, in none of the subjects at 50Â°/aP, and in one at 25Â°/aP.
Diagnoses of alcoholism and substance dependence were significantly more frequent among HD patients (8Â°/a v. 0Â°/a and 2Â°/a respectively; P<0.05). The biggest difference between the groups was in the minor psychiatric disorders, which were present in 19Â°/a of HD subjects but only 4Â°/a in both risk groups (P<O.O1).
Discussion
The design of the present study has certain limit ations, as well as advantages. First, admissions to psychiatric hospitals and diagnoses at discharge do not give a complete picture of psychiatric illness in the sample; as we only have information about the more severe psychiatric disorders, we are unable to estimate the frequencies of less severe disorders treated in out-patient services, in specialist or general practice, or not treated at all. Second, since the psychiatric register was not nationwide until 1969, we have no information concerning admissions before the subjects were 30â€"35years old.
Third, when interpreting the results it must be remembered that 20-25% of the first-degree relatives might be gene carriers; some will show onset of HD after age 52â€"57and some might already have early signs of HD, not yet recognised or reported to the register. Death certificates were obtained but must be considered somewhat unreliable as regards diag nosis of HD (Haines & Conneally, 1986; SÃ¸rensen & Fenger, 1992) .
Fourth, the diagnoses at discharge were given according to ICDâ€"8, making comparison difficult hospital. Furthermore, risk status was not correlated to any specific psychiatric illness; schizophrenia was not present at all, affective disorders only rarely, and the rates of alcoholism, substance abuse, minor psychiatric disorders and suicide did not differ from those in the control groups.
We find this observation surprising, since the psy chological and social burdens upon those individuals in many cases must be considerable. Existential reflections and emotional crises immediately seem inevitable in the lives of individuals at risk (especially 50% F), and it would therefore be theoretically plausible that such stresses could lead to an increased psychiatric morbidity.
The fact that 20â€"25%of the first-degree relatives were probably gene carriers would also tend to increase psychiatric morbidity in this group if the HD gene had any aetiological importance. We cannot conclude from the data that the HD gene has no pathogenic influence on psychiatric disorders in patients with HD, but in this study the prevalence of severe psychiatric illness was no higher in non affected subjects, suggesting that severe psychiatric disorders seem to follow from the development of the disease, and not from the risk of developing it. A recent extensive study (Baxter et a!, 1992) covered 52 non-affected subjects at risk for HD, including a psychiatric examination. The results cannot be directly compared to ours, since the subjects were younger (mean age about 35 years), and since no control groups were used. It is interesting, however, that as in our study there were no schizo phrenics at all among individuals at risk and the prevalences of alcoholism and drug abuse did not seem higher, while the rates of major depression were high compared to norms for the general population (exact percentages were not given). It seems fair to assume that schizophreniform disorders almost always lead to hospital admission, whereas many less severe affective disorders are either untreated or treated outside psychiatric wards. Our study, in which hospital diagnoses only were available, would, therefore seem to miss cases of mildly or moderately severe major depression in individuals at risk, while probably very few (if any) cases of schizophrenia or other psychoses are overlooked.
By genetic testing (in 14 of 52 subjects) and by positron emission tomography (PET), Baxter et a! (1992) subdivided subjects at risk into groups more or less likely to develop HD. These groups did not show significant differences regarding any psychiatric diagnosis, indicating that no psychiatric illness was predictive for gene-carrier status. Only three of 74 first-degree relatives in the present study had been admitted with a psychiatric illness, and we cannot tell whether these will be the ones to develop HD. As expected, HD patients in the present study required in-patient psychiatric treatment frequently: 65% had been admitted in the observation period. The majority of diagnoses chosen by the clinicians were those vaguely indicating psychotic or non psychotic disturbances due to the organic brain syndrome, and more specific psychiatric diagnoses were only given in 27Â°lo of the patients. This makes it difficult to describe the psychopathology of the patients. There was a statistically significant over representation of psychoses, disorders of abuse and minor psychiatric illness among gene carriers compared to non-affected subjects (Table 4) , reflecting more psychopathology in patients, but in general the numbers of diagnoses were small, and definite conclusions cannot be drawn.
It was surprising, however, that schizophrenia was not diagnosed in any of the patients, since it has been stated that schizophrenia was a frequent initial diagnosis even years before the true diagnosis of HD was revealed. Thus in a Swedish study (Mattson, 1974) , in 17% of cases the initial diagnoses were schizophrenicâ€"paranoid states, and the type of hospital â€"¿ mental or general â€"¿ did not affect the establishment of a correct diagnosis. This was not the case at all in our sample, indicating that in none of the subjects were the initial symptoms found to be characteristic of schizophrenia.
According to diagnoses at discharge, the prevalence of affective disorders was no higher among the HD patients, in contrast to results of other recent studies (Folstein et a!, 1983; Caine & Shoulson, 1983) . It should be remembered here that the subjects in those studies were interviewed personally and DSMâ€"III criteria were applied, so that a direct comparison with our findings cannot be made. The fact that fewer affective disorders were found in the present study than in the American samples is probably due to different diagnostic traditions rather than to real differences between the samples. In other words, there is no reason to believe that our patients were suffering less from sadness, irritability, apathy, poor concentration, or feelings of being slowed down. It seems likely that Danish psychiatrists interpreted these symptoms as manifestations of personality changes or as signs of dementia, and independent diagnoses of affective disorders were thus not made. It has been suggested (Kurlan et a!, 1988) that depression in HD patients might differ neurochemically from depression in other major depressive disorders, supporting the idea that symptoms have a special relation to HD and are not independent affective disorders. These observations, however, need further confirmation and evaluation.
Four of 37 patients (llÂ°lo) in our study had committed suicide, and only one of these had been admitted to a department of psychiatry. Since only 19 patients had died at the time of the study, the suicide rate may increase. Patients with HD are often said to be at higher risk of suicide, with rates reported from 2% (Haines & Conneally, 1986) to 13% when cases suspected of HD are included (Schoenfeld et a!, 1984) . These suicides seem to occur in the early stages when the patients are not yet physically incapacitated, and probably reflect severe depressions that are often untreated. Recently we have observed an increased and almost similar rate of suicides in HD patients (5.6%) and in their non-affected first degree relatives (5.3Â°lo) (SÃ¸rensen & Fenger, 1992) . Some of the non-affected relatives were probably gene carriers, which would make the true sui cide rate of HD patients higher than that observed. In the present study only one first-degree relative might have died from suicide, and he might have been a gene carrier as well, but the number of suicides in this sample is too small for definite conclusions.
The prevalence of disorders due to alcoholism and other substance abuse was no greater among patients or in individuals at risk than in the respective controls. Alcoholism has been described as â€oe¿ frequently occurringâ€• in HD families, including family members without HD (Oliver, 1970) , while Bolt (1970) reported excessive drinking in only 13 of 334 patients. King (1985) has examined the matter more systematically and found prevalences of current or past alcohol abuse in about 17% of HD patients (24% of males, 6% of females). Even though alcohol abuse was often associated with depressive symptoms, these rates were no higher than found in a concurrent community survey. Though the results from the present study only reflect the occurrence of more severe disorders, they strongly support the view that patients with HD are at no greater risk of developing disorders of alcohol or substance abuse than the general population. Furtherâ€"and this to our knowledge has not previously been shown systematicallyâ€"this is also true for individuals at risk of HD.
Diagnoses of minor psychiatric disorders were over-represented in HD patients, when compared both to controls (though not significant) and to subjects at risk. This diagnostic group was somewhat heterogeneous, but the diagnoses represented were mainly in the categories of neuroses and personality disorders. This points to alterations of personality early in the course of HD, but the numbers of diagnoses in the different subcategories were too small to be able to describe the nature of the changes of personality. Symptoms of apathy and irritability are described as the most prominent behavioural manifestations in early HD (Folstein & Folstein, 1983) , but the prevalence of these more discrete symptoms could not be determined from diagnoses at discharge only.
Conclusion
First-and second-degree relatives of patients with HD, who had reached the age of 52-57 years without being diagnosed as having HD, were at no greater risk than controls of developing psychiatric illness resulting in admission to psychiatric hospitals. We conclude that the psychological and social environment in HD families in this sample did not lead to psychiatric illness severe enough to require in-patient treatment. Danish diagnostic practice did not allow us to study the psychopathology of HD patients in detail; still it was clear that in no case was schizophrenia a relevant differential diagnosis to HD, though schizophreniform symptoms might well be present. Affective symptoms might also be impor tant, but this was not reflected in discharge diagnoses.
The study suggests that being at risk of developing HD does not in itself contribute to more severe psychiatric illness. It follows that psychiatric disorders in HD patients are most probably due to the disease itself; still, the disorders may be manifestations of the degenerative process consequent on the genetic defect, or they may be understood as psychological reactions to the insidiously developing knowledge of being affected with HD. The present results did not allowus to make thisdistinction.
